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cumventing path is formed by the wiring pattern and a part of
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1
ANTENNA APPARATUS AND RADIO
TERMINAL APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2009-
281390, filed on Dec. 11, 2009, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are related to an
antenna apparatus and radio terminal apparatus.

BACKGROUND

For example, there is a diversity antenna as an antenna
apparatus such that same radio signal is received by two
antennas, and the signal received from the antenna with supe-
rior radio wave condition is preferentially used.

Further, for example, a multimode antenna structure is
known in which, by connecting a conductive connection ele-
ment between two antenna elements, current flowing to feed
point of one of two antenna elements is shunted, and the two
antenna elements are electrically isolated.

Further, for example, an integrated-type flat-plate multi-
elements and electronic equipment are also known in which,
by forming a cutout unit in end of a ground pattern, coupling
coefficient between two antenna elements can be lowered.

Further, for example, a compact-type portable terminal
apparatus for radio reception is also known in which a vari-
able reactance or switch is provided in a concave portion cut
out in an edge of an upper grounding conductor, and by the
switch or variable reactance, correlation is lowered between
antenna elements provided in tip portion of a plurality of
convexes on the upper grounding conductor.

Patent Document 1: International Publication Pamphlet
No. WO 2008/131157 Al

Patent Document 2: Japanese Laid-open Patent Publica-
tion No. 2007-13643

Patent Document 3: Japanese Laid-open Patent Publica-
tion No. 2007-243455

However, in the above-described technology of the prior
art, when the connection element is directly connected
between two antenna elements, characteristic of the antenna
element changes. Hence, by further providing a matching
circuit in the antenna apparatus, the antenna apparatus can
correspond to change of characteristic and can keep reception
or transmission frequency within a prescribed range. How-
ever, when the matching circuit is further provided in the
antenna apparatus, the number of components increases to
this extent, and setting space of various elements and similar
within the antenna apparatus is reduced. The increase in the
number of components or reduction in setting space renders
difficult achievement of reduced space or smaller size for the
antenna apparatus.

Further, in the above-described technology of the prior art,
when the cutout portion is provided in the end of the ground
pattern or the concave portion is provided in the upper
grounding conductor, if the area of the cutout or concave
portion is equal to or greater than a predetermined value, the
setting space of various elements or similar set on the ground
pattern is reduced by the amount of the cutout or concave
portion.
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2

On the other hand, by making the characteristic of the
antenna element such as the coupling coefficient, correlation,
or similar between antenna elements equal to or greater than
apredetermined value, reception characteristic of the antenna
apparatus and similar can be improved as well.

SUMMARY

According to an aspect of the invention, an antenna appa-
ratus including: a first and second antenna elements which
transmit or receive radio signal; a ground pattern; and a wir-
ing pattern which is provided on a line segment connecting
the first and second antenna elements, and directly connected
to the ground pattern, wherein a circumventing path is formed
by the wiring pattern and a part of the ground pattern.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a perspective view of an antenna appara-
tus;

FIG. 2A illustrates an enlarged view of an antenna appa-
ratus;

FIG. 2B and FIG. 2C illustrate cross-sectional views of an
antenna apparatus;

FIG. 3 illustrates an example of simulation result of S, ;

FIG. 4 illustrates an example of simulation result of
antenna efficiency;

FIG. 5A and FIG. 5B illustrate examples of simulation
result of radiation pattern;

FIG. 6 illustrates an example of simulation result relating
to correlation coefficient;

FIG. 7 illustrates an example of simulation result relating
t0S,;

FIG. 8A and FIG. 8B illustrate examples of simulation
result of current distribution;

FIG. 9 illustrates a perspective view of an antenna appara-
tus;

FIG. 10A illustrates an example of simulation result relat-
ingtoS,;

FIG. 10B illustrates simulation result of imaginary part
(reactance) of combined impedance of the stub 18;

FIG. 11 illustrates an example of smith chart;

FIG. 12A illustrates an enlarged view of an antenna appa-
ratus;

FIG. 12B illustrates an example of simulation result;

FIG. 13 A illustrates a perspective view of an antenna appa-
ratus;

FIG. 13B illustrates a cross-sectional view of an antenna
apparatus;

FIG. 14 illustrates an example of simulation result of S,
and S, ;

FIG. 15A illustrates a perspective view of an antenna appa-
ratus;

FIG. 15B illustrates an enlarged view of an antenna appa-
ratus;

FIG. 16 illustrates an example of simulation result of S|
and S, ;

FIG. 17 illustrates an enlarged view of an antenna appara-
tus;

FIG. 18 A illustrates an example of simulation result of S, ; ;
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FIG. 18B illustrates an example of simulation result of S, ;

FIG. 19A and FIG. 19B illustrate examples of simulation
result of radiation pattern;

FIG. 20 illustrates an example of simulation result of cor-
relation coefficient;

FIG. 21A and FIG. 21B illustrate examples of simulation
result of current distribution;

FIG. 22A and FIG. 22B illustrate perspective views of a
radio terminal apparatus;

FIG. 23A and FIG. 23B illustrate perspective views of an
antenna apparatus; and

FIG. 24A and FIG. 24B illustrate examples of a radio
terminal apparatus;

DESCRIPTION OF EMBODIMENTS

Embodiments are explained below.

(First Embodiment)

A first embodiment is explained. FIG. 1 illustrates perspec-
tive view of an antenna apparatus 10. The antenna apparatus
10 is a card-type antenna apparatus, and can be loaded into or
contained within a personal computer, portable telephone, or
other radio terminal apparatus, for example. FIG. 24A and
FIG. 24B illustrate examples of a radio terminal apparatus
100, FIG. 24A illustrates an example of the portable tele-
phone, and FIG. 24B illustrates an example of the personal
computer, as the radio terminal apparatus 100. The antenna
apparatus 10 is contained within the housing 101 of the por-
table telephone 100, and can transmits and receives radio
signal to and from a radio base station or similar. Or, the
antenna apparatus 10 is loaded into the housing 101 of the
personal computer 100, and can transmits and receives radio
signal to and from the radio base station or similar.

An configuration example of the antenna apparatus 10 is
explained. FIG. 1 illustrates a perspective view of the antenna
apparatus 10 as described above, and FIG. 2A illustrates a
partial enlarged view of the antenna apparatus 10. FIG. 2B
illustrates a cross-sectional view of the antenna apparatus 10
from C direction along line segment K-K' in FIG. 2A. FIG. 2C
illustrates a cross-sectional view of the antenna apparatus 10
from the C direction along line segment M-M' in FIG. 2A.

As illustrated in FIG. 1, the antenna apparatus 10 includes
a dielectric substrate (hereafter “substrate”) 12; two antenna
elements 14-1 and 14-2 (or, a first antenna element 14-1 and
a second antenna element 14-2); and a stub 18.

In the substrate 12, length of y-axis direction is “V+h” (for
example, “80 mm”), length of the x-axis direction is “H” (for
example, “30 mm”), and length (or thickness) of z-axis direc-
tion is “d1+d2” (for example, “1 mm”). A part of top surface
of'the substrate 12 includes a metal face such as a copper layer
13, for example. Various elements are provided in bottom
surface of the substrates 12.

A thickness of the copper layer 13 is d2 (for example “35
pm”), and rectangular portion (VxH) of the copper layer 13
forms a ground pattern 15 to the various elements and similar
on the substrate 12.

The antenna elements 14-1 and 14-2 receive radio signal
transmitted from another antenna apparatuses, and transmit
radio signal to another antenna apparatuses. Each of the
antenna elements 14-1 and 14-2 includes fixed units 14-1a
and 14-2a (or a first fixed unit 14-1a and a second fixed unit
14-24a) fixed on the substrate 12, and bent units 14-15 and
14-25 bent into L. shape from the fixed units 14-1a and 14-2a.

The bent units 14-15 and 14-2b can be rotated about
y1-axis and y2-axis respectively, and can be contained within
width H ofthe substrate 12 (or antenna apparatus 10). Further,
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4

the fixed units 14-1a and 14-15 includes feed positions 16-1
and 16-2 (or, a first feed position 16-1 and a second feed
position 16-2).

The feed positions 16-1 and 16-2 are connected to a part of
the element on the substrate 12 via a strip-line, and perform
feeding to the antenna elements 14-1 and 14-2.

The stub 18 is a conductive wiring pattern, and is a distrib-
uted constant line in a high frequency circuit, for example. As
illustrated in FIG. 2A, the stub 18 includes meander units (or
meander lines) 18-1a, 18-2a, 18-1d, 18-2d, a straight-line
unit 185, and connection units 18-1¢ and 18-2¢ (or, a first
connection unit 18-1¢ and second connection unit 18-2¢).
Further, the stub 18 is connected to the ground pattern 15 via
the connection units 18-1c¢ and 18-2c¢.

The stub 18 is constituted of a conductive metal flat plate
such as a copper layer 13, similarly to the ground pattern, for
example. Further, the thickness of the stub 18 is the same “d2”
as the thickness of the ground pattern 15, as illustrated in FIG.
2B and FIG. 2C. Also, the antenna elements 14-1 and 14-2 is
constituted of the copper layer 13, the thickness of the
antenna elements 14-1 and 14-2 is “d2”, for example.

The meander units 18-1a, 18-2a, 18-1d, 18-2d are formed
such that the copper layer 13 is bent alternately in concave and
in convex shape. Between the meander units 18-1d and 18-2d4
is connected by the straight-line unit 185. Also, the meander
units 18-1a and 18-2a are provided in proximity to the fixed
units 14-1a and 14-2a¢ of the antenna element 14 (for
example, within a threshold value href from the fixed units
14-1a and 14-2a). As illustrated in FIG. 2A, the length (h) in
the long-edge direction of the meander units 18-1a and 18-2a
become shorter on receding from the antenna elements 14-1a
and 14-15 (the length in the long-edge direction of the mean-
der units 18-14 and 18-24 is hd (<h) relative to the length h in
the long-edge direction of the meander units 18-1a and
18-24).

As illustrated by dot-dash line in FIG. 2A, a loop (or a
circulation path) is formed by the stub 18 and a part of the
ground pattern 15. In FIG. 2A, the loop is a path which passes
from the first connection unit 18-1¢ via the meander unit
18-1a and similar to reach the second connection unit 18-2¢,
and passes through a part of the ground pattern 15 to return to
the first connection unit 18-1c¢, for example. When one of the
two antenna elements 14-1 and 14-2 is fed, a current equal to
or greater than a predetermined current flows in the loop, and
the two antenna elements 14-1 and 14-2 obtains a predeter-
mined characteristic or greater. Details are given below.

In following embodiments including the present embodi-
ment, the length of the loop formed by the stub 18 and the part
of the ground pattern 15 is substantially the same length as
one wavelength of frequency of the radio signal transmitted or
received in the antenna apparatus 10. By employing such the
configuration, the stub 18 becomes parallel resonance condi-
tion at the frequency, and the predetermined current or greater
flows in the loop as described above. Details are given below.
In the present embodiment and following embodiments, the
length of the loop is called an electrical length, for example.

The antenna apparatus 10, as illustrated in FIG. 1 and FIG.
2A, includes slits 21-1 and 21-2 disposed in the part of the
ground pattern 15. By the slits 21-1 and 21-2, characteristic
such as coupling between the antenna elements 14-1 and 14-2
and similar is improved.

Next, simulation result for the antenna apparatus 10 is
explained. The inventor of the present application performs
various simulations of the antenna apparatus 10. FIG. 3 to
FIG. 11 illustrate simulation result examples and similar.

FIG. 3 illustrates an example of simulation result for S,, (or
“coupling”) of S parameters. In this simulation, to the antenna
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apparatus 10 illustrated in FIG. 1 or similar, AC voltage is
supplied from the first feed position 16-1 to the first antenna
element 14-1, and the frequency of the voltage is changed. In
such a case, the present simulation simulates S, based on the
voltage and voltage output from the second feed position
16-2. A voltage source is assumed to be disposed between the
ground pattern 15 and the first feed position 16-1, for
example. In FIG. 3, horizontal axis indicates frequency, and
vertical axis indicates S, (in decibels). In FIG. 3, broken line
indicates the simulation result for the antenna apparatus 10
without the stub 18, and solid line indicates the simulation
result for the antenna apparatus 10 with the stub 18.

As illustrated in FIG. 3, when the AC voltage frequency is
“1.7 GHz”, S, value of the antenna apparatus 10 with the
stub 18 is much lower than the antenna apparatus 10 without
the stub 18. The simulation result can be obtained indicating
that the coupling of the two antenna elements 14-1 and 14-2
of the antenna apparatus 10 with the stub 18 is lower and
improved than the antenna apparatus 10 without the stub 18.

FIG. 4 illustrates an example of simulation result for
antenna efficiency. The antenna efficiency represents ratio of
power applied to each of the antenna elements 14-1 and 14-2
to radiant power, for example. For example, when the AC
voltage is applied to the first feed position 16-1 and the
frequency of the applied AC voltage is changed, the simulated
result indicates an example simulating the power radiated into
space in the first antenna element 14-1. Simulation is per-
formed in a case that the “antenna element” is “one”, that
there are “two antenna elements” and “without stub”, and that
there are “two antenna elements” and “with stub”, with the
frequency of the AC voltage changed “1.7 GHz”, “2.0 GHz”,
and “2.3 GHz”.

As illustrated in FIG. 4, the simulation result is obtained
indicating that the antenna efficiency of the case of “two
antenna elements with stub” is lower than the case of “two
antenna element without stub” at each frequency. The simu-
lation result is obtained indicating that value of the antenna
efficiency of the case of with stub 18 is higher than the case of
without stub 18 at each frequency including “1.7 GHz” fre-
quency, therefore, improved simulation result is obtained.

FIG. 5A and FIG. 5B illustrate simulation results of radia-
tion patterns, and FIG. 6 illustrates simulation result of cor-
relation coefficient. The radiation pattern illustrated in FIG.
5A indicates directional distribution when the AC voltage is
applied to the first feed position 16-1 of the antenna apparatus
10 at frequency “1.7 GHz”, and no voltage is applied to the
second feed position 16-2, for example. Further, the radiation
pattern illustrated in FIG. 5B illustrates directional distribu-
tion when the AC voltage is applied to the second feed posi-
tion 16-2 at frequency “1.7 GHz”, and no voltage is applied to
the first feed position 16-1, for example.

When the AC voltage is applied to the first feed position
16-1, power distribution is the highest in first quadrant of
x-axis and second quadrant of y-axis, and overall, high power
is distributed in direction of the first feed position 16-1 on the
feed side (W1 direction), as illustrated in FIG. 5A. On the
other hand, when the AC voltage is applied to the second feed
position 16-2, the power distribution is the highest in second
quadrant of the x-axis and second quadrant of y-axis, and
overall, high power is distributed in direction of the second
feed position 16-2 on the feed side (W2 direction), as illus-
trated in FIG. 5B.

In this way, the two radiation patterns are directed in
reverse directions (the W1 direction and W2 direction), and so
simulation result is obtained indicating that the correlation
between the two antenna elements 14-1 and 14-2 is lower than
a predetermined case.
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FIG. 6 illustrates simulation results of correlation coeffi-
cient when the frequency of the applied AC voltage is
changed based on the radiation patterns of FIG. 5A and FIG.
5B. The correlation coefficient is also an index indicating to
what extent to be identical the radiation pattern on feeding
from the first feed position 16-1 (FIG. 5A) and the radiation
pattern on feeding from the second feed position 16-2 (FIG.
5B), for example. In FIG. 6, solid line is the simulation result
of the case that there is the stub 18, and the broken line is the
simulation result of the case that there is without stub 18.

As illustrated in FIG. 6, the correlation coefficient of the
antenna apparatus 10 with the stub 18, compared with the
case of without stub 18, becomes a low value, from “1.7 GHz”
to “1.9 GHz”, from “2.3 GHz” to “2.5 GHz”. Hence, with
respect to correlation coefficient also, improved simulation
result is obtained for the antenna apparatus 10 with the stub 18
compared with the antenna apparatus 10 without the stub 18.
From these simulation results, the correlation between the
two antenna elements 14-1 and 14-2 of the antenna apparatus
10 with the stub 18 is lower than the antenna apparatus 10
without the stub 18.

FIG. 7 illustrates simulation result of S, ; (or “matching”)
of'the S parameters. For example, in the antenna apparatus 10
illustrated in FIG. 1 or similar, the simulated result indicates
an example simulating S,, when the AC voltage is applied
from the first feed position 16-1 and the frequency of the AC
voltage is changed, based on the voltage and voltage reflected
at the first feed position 16-1. The voltage source is assumed
to be disposed between the ground pattern 15 and the first feed
position 16-1, for example. In FIG. 7, horizontal axis indi-
cates frequency, and vertical axis indicates S, (in decibels),
broken line indicates the simulation result of the antenna
apparatus 10 without the stub 18, and solid line indicates the
simulation result of the antenna apparatus 10 with the stub 18.

As illustrated in FIG. 7, at each frequency equal to or more
“1.7 GHz”, value of S, | of the antenna apparatus 10 with the
stub 18 becomes lower than the antenna apparatus 10 without
the stub 18, and the reflected voltage is also lower. Hence, S,
of the antenna apparatus 10 with the stub 18 is improved
compared with the antenna apparatus 10 without the stub 18.
For example, in the antenna apparatus 10 illustrated in FIG. 1
and similar, each of the elements provided on the substrate 12
can obtain radio signal near maximum output of the “1.7
GHz” radio signal received by the antenna elements 14-1 and
14-2.

In view of the above, simulation results is explained that
the coupling, antenna efficiency, matching, and similar of'the
antenna apparatus 10 illustrated in FIG. 1 and similar is
improved. Next, the reason for such improvement is
explained. FIG. 8A to FIG. 11 are used to explain the reason
of various improvements.

Of these, FIG. 8A and FIG. 8B are used to explain reason
of improvement of the coupling and antenna efficiency. FIG.
8A illustrates simulation result indicating an example of cur-
rent distribution in the antenna apparatus 10 without the stub
18, when the AC voltage is applied from the second feed
position 16-2. On the other hand, FIG. 8B illustrates simula-
tion result indicating an example of the current distribution in
the antenna apparatus 10 with the stub 18, when the AC
voltage is applied from the second feed position 16-2. Both
cases are examples in which the AC voltage frequency is “1.7
GHz”. In FIG. 8A and FIG. 8B, size and thickness of arrow
indicate current magnitude.

Focusing on the first antenna element 14-1 which is not
being fed, larger amount of the current of the case that there is
without stub 18 (FIG. 8A) is flowing than the case that there
is the stub 18 (FIG. 8B). In the antenna apparatus 10 without
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the stub 18, due to the larger amount of the current flowing in
the first antenna element 14-1, the coupling (or S, ;) with the
second antenna element 14-2 is stronger than the case that
there is the stub 18. Further, in the antenna apparatus 10
without the stub 18, due to the larger amount of the current
flowing in the first antenna element 14-1, power consumed in
proximity to the first feed position 16-1 is greater than the
case that there is the stub 18. Hence, the energy efficiency of
the antenna apparatus 10 without the stub 18 is lower than the
antenna apparatus 10 with the stub 18.

On the other hand, when there is the stub 18, larger amount
of the current equal to or greater than a predetermined value
flows in the stub 18 and the part of the ground pattern 15, as
illustrated in FIG. 8B. Due to the larger amount of the current
flowing in the stub 18 and similar, the current flowing in the
first antenna element 14-1 is small compared with the case
that there is the stub 18. Hence, the result is obtained that the
coupling between the two antenna elements 14-1 and 14-2 of
the antenna apparatus 10 with the stub 18 is lower than the
antenna apparatus 10 without the stub 18 (for example, FIG.
3). Also, with respect to the energy efficiency, for example in
proximity to the first feed position 16-1, the result is obtained
that power consumption of the antenna apparatus 10 with the
stub 18 is lower and energy efficiency is higher than the
antenna apparatus 10 without the stub 18 (for example, FIG.
4). In this way, by including the antenna apparatus 10 with the
stub 18, the path of high-frequency current flowing in the
antenna elements 14-1 and 14-2 and similar and the imped-
ance can be changed, and characteristic equal to or greater
than the predetermined value can be obtained with respect to
the coupling and energy efficiency.

Next, FIG. 9 to FIG. 10B are used to explain reason for the
larger amount of the current equal to or greater than the
predetermined value flowing in the stub 18 and similar at
frequency “1.7 GHz”. FIG. 9 illustrates a perspective view of
the antenna apparatus 10 for simulation. In the simulation, in
order to investigate center frequency of the stub 18 and simi-
lar, the first feed position 16-1 (or port) is provided on the first
connection unit 18-1¢ of the stub 18, and the AC voltage of
“1.7 GHz” is applied from the feed position 16-1. Addition-
ally, on performing the simulation, each of the heights h in
y-axis direction of the meander units 18-1a and 18-2a of the
stub 18 is assumed to be the same length. The electrical length
illustrated in FIG. 9 is assumed to be also substantially the
same length as wavelength of the frequency “1.7 GHz”.

FIG. 10A illustrates simulation result of S;; to the first
antenna element 14-1 upon feeding to the stub 18 in this way.
Further, FIG. 10B illustrates simulation result of imaginary
part (reactance) of combined impedance of the stub 18. FIG.
10B illustrates simulation result of the reactance of equivalent
circuit to loop path from the first feed position 16-1 via the
meander unit 18-1«¢ and similar of the stub 18, arriving at the
second connection unit 18-2¢, and then returning to the first
feed position 16-1, for example.

As illustrated in FIG. 10A, lower value is obtained with
respectto S, at frequency “1.7 GHz” compared with at other
frequencies. And as illustrated in FIG. 10B, the reactance at
frequency “1.7 GHz” is “0”, and the stub 18 and similar
become in the parallel resonance condition. By becoming the
stub 18 and similar the parallel resonance condition, the large
amount of the current equal to or greater than the predeter-
mined value flows in the stub 18 and similar, as for example
illustrated in FIG. 8B.

That is, the electrical length formed by the stub 18 and the
part of the ground pattern 15 is substantially the same length
as the wavelength (for example, at frequency “1.7 GHz”) of
radio signal transmitted or received in the antenna apparatus
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10. In this way, the stub 18 and similar become the parallel
resonance condition at the frequency of the radio signal, and
the larger amount of the current equal to or greater than the
predetermined value flows in the stub 18 and similar. Addi-
tionally, value taking into dielectric constant of the substrate
12 may be same length as one wavelength of the radio signal.

Next, the reason for improvement of the matching at fre-
quency “1.7 GHz” is explained. FIG. 11 is a Smith chart
illustrating an example of impedance change in the antenna
apparatus 10 with the stub 18 and in the antenna apparatus 10
without the stub 18, as illustrated in FIG. 1 and similar. This
simulation illustrates an example of changes in impedance of
the first antenna element 14-1, when the AC voltage is applied
from the first feed position 16-1 of the antenna apparatus 10
and the frequency of the AC voltage is changed from “1.5
GHz” to “2.5 GHz”, for example. In FIG. 11, horizontal axis
indicates real part of the impedance (or pure resistance), and
upper half of vertical axis indicates inductive region, while
lower half indicates capacitive region. In FIG. 11, solid line
indicates simulation result of the antenna apparatus 10 with
the stub 18, and broken line indicates simulation result of the
antenna apparatus 10 without the stub 18.

As illustrated in FIG. 11, when there is the stub 18, point P
at which graph and horizontal axis come in contact with each
other is “1”, and simulation result is obtained that the match-
ing is improved. On the other hand, when there is without the
stub 18, the point Q at which the graph and the horizontal axis
come in contact with each other is a point between “1.6” and
“2”, and simulation result is obtained that the matching is not
improved. From these simulation results, the matching of the
antenna apparatus with the stub 18 is improved compared
with the antenna apparatus 10 without the stub 18 at low
impedance of the first antenna element 14-1. Hence, reflec-
tion coefficient of the antenna apparatus 10 with the stub 18 is
lower than the antenna apparatus 10 without the stub 18, and
the simulation result is obtained that S| | of the antenna appa-
ratus 10 with the stub 18 is lower than without the stub 18 as
illustrated in FIG. 7 and similar.

Additionally, as illustrated in FIG. 2 and similar, it is
known that by providing the metal face in proximity to (for
example, within a distance href) each of the antenna elements
14-1 and 14-2, radiation resistance and similar become low
value equal to or less than a predetermined value, and the
graph on the Smith chart moves in direction indicated by the
arrow in FIG. 11. In the antenna apparatus 10, because the
meander units 18-1a and 18-2a of the stub 18 are provided in
proximity to the antenna elements 14-1 and 14-2, the radia-
tion resistance becomes the low value equal to or less than the
predetermined value, and the matching and similar are also
improved.

In this way, in the first embodiment, by providing the stub
18 between the antenna elements 14-1 and 14-2, when the
frequency of the AC current input from the first feed position
16-1 is “1.7 GHz”, simulation result of predetermined char-
acteristic is obtained. Hence, when the frequency of radio
signal transmitted or received is “1.7 GHz”, with respect to
the characteristic such as the coupling and matching, prede-
termined characteristic can be obtained.

Further, because the antenna apparatus 10 does not
includes a cutout, slit or similar of size equal to or greater than
a predetermined value indicated in Japanese Laid-open No.
2007-13643 Patent Publication and Japanese Laid-open No.
2007-243455 Patent Publication, small size or reduced space
can be achieved in the antenna apparatus 10. And, the stub 18
is not directly connected to the antenna elements 14-1 and
14-2, but is directly connected to the ground pattern 15.
Hence, the characteristics of the antenna elements 14-1 and
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14-2 are unchanged, and a separate matching circuit or simi-
lar may not be provided. Hence, the cost of the antenna
apparatus 10 can also be reduced.

(Second Embodiment)

Next, a second embodiment is explained. In the first
embodiment, the stub 18 is explained as including meander
units 18-1a, 18-2a, 18-1d, and 18-2d, the straight-line unit
184, and similar. If the electrical length formed by the stub 18
and similar is substantially equal to one wavelength of the
frequency of radio signal transmitted or received in the
antenna apparatus 10, then shape of the stub 18 may be any
shape.

FIG. 12A illustrates another example of the stub 18. The
stub 18 includes the meander units 18-1a¢ and 18-2a entirely.
However, the height h' in y-axis direction of the stub 18 is
shorter than with the height h in the first embodiment.

FIG. 12B illustrates an example of simulation result of S,
and S,; on performing simulation similar to the first embodi-
ment. In FIG. 12B, broken line indicates S,; and solid line
indicates S ;.

As illustrated in FIG. 12B, the coupling (S,,) between the
antenna elements 14-1 and 14-2, and the matching (S, ;) of the
first antenna element 14-1, can also take on lower values at
“1.7 GHz” compared with other frequencies (or compared
with the case of without stub 18), and improved results can be
obtained.

Additionally, simulation results relating to the antenna effi-
ciency and correlation coefficient is “~0.9 dB” and “0.04” at
the frequency “1.7 GHz”, respectively. Both are still lower
value compared with the first embodiment, so that still more
improved result can be obtained.

From the above, the simulation results of predetermined
characteristic or greater can be obtained, if wavelength of the
AC voltage input from the first feed position 16-1 (for
example, an AC voltage with frequency “1.7 GHz”) and the
electrical length are substantially the same, even if the shape
of the stub 18 and similar is any kind of the shape. Hence,
predetermined characteristic or greater can be obtained in the
antenna apparatus 10, if the wavelength of the radio signal
transmitted or received (for example, the radio signal of fre-
quency “1.7 GHz”) and the electrical length are substantially
the same, even if the shape of the stub 18 and similar is any
kind of the shape.

Also, the antenna apparatus 10 does not include the cutout,
slit or similar of size equal to or greater than the predeter-
mined value indicated in Japanese Laid-open No. 2007-
13643 Patent Publication or Japanese Laid-open No. 2007-
243455 Patent Publication, therefore, the reduced space or
small size can be obtained in the antenna apparatus 10. And,
the antenna apparatus may not include the separate matching
circuit or similar to obtain the characteristic of the antenna
elements 14-1 and 14-2, so that costs and similar can also be
reduced.

(Third Embodiment)

Next, a third embodiment is explained. In the first embodi-
ment and similar, the case is explained in which the antenna
apparatus 10 includes the antenna elements 14-1 and 14-2, the
stub 18, and similar on one face (for example, the top surface)
of the substrate 12. For example, the antenna elements 14-1
and 14-2 may be provided on the top surface of the substrate
12, and the ground pattern 15 and stub 18 may be provided on
the bottom surface. FIG. 13A and FIG. 13B illustrate perspec-
tive views of the antenna apparatus 10 of the third embodi-
ment, and FIG. 14 illustrates an example of simulation result
of the third embodiment.

The antenna apparatus 10 includes the antenna elements
14-1 and 14-2 and stub 18 provided in opposition in the
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thickness direction (z-axis direction). For example, the
antenna elements 14-1 and 14-2 are provided on the top
surface of the substrate 12, and the stub 18 and ground pattern
15 are provided on the bottom surface of the substrate 12.

The shape of the stub 18 is such that the height h" in y-axis
direction is shorter than the height h in the first embodiment.
Similarly to the first embodiment and similar, the stub 18 is
connected via the connection units 18-1¢ and 18-2c¢ to the
ground pattern 15, and includes the meander units 18-1a¢ and
18-2a on the sides of the antenna elements 14-1 and 14-2.
Also, the two meander units 18-1a and 18-2a are connected
by the straight-line unit 185. The electrical length formed by
the stub 18 and part of the ground pattern 15 is substantially
the same length as one wavelength of radio signal transmitted
and received in the antenna apparatus 10 (for example, radio
signal with frequency “1.7 GHz”).

FIG. 14 illustrates an example of simulation result of S,;
and S, |, on performing simulation similar to the first embodi-
ment. Similarly to the first embodiment, the simulation result
indicating a low value at “1.7 GHz” compared with other
frequencies (or compared with the case of without stub 18)
can be obtained. Additionally, with respect to the antenna
efficiency and correlation coefficient, values of “-1.4 GHz”
and “0.08” can be obtained at frequency “1.7 GHz”, respec-
tively.

The simulation results can be obtained of the antenna appa-
ratus 10 indicating predetermined value of the coupling,
matching, and other characteristics when the input AC volt-
age frequency is “1.7 GHz”. Hence, predetermined charac-
teristic can be obtained in the antenna apparatus 10 when the
frequency of the radio signal transmitted or received is “1.7
GHz”, for example. Also, the antenna apparatus 10 does not
include the cutout, slits or similar of size equal to or greater
than the predetermined value indicated in Japanese Laid-
open No. 2007-13643 Patent Publication or Japanese Laid-
open No. 2007-243455 Patent Publication, the reduced space
or smaller size can be achieved in the antenna apparatus 10.
Further, the antenna apparatus may not include the separate
matching circuit or similar, so that costs can also be reduced.

(Fourth Embodiment)

Next, a fourth embodiment is explained. FIG. 15A illus-
trates a perspective view of the antenna apparatus 10 of the
fourth embodiment, and FIG. 15B illustrates an enlarged
view of the antenna apparatus 10.

The antenna apparatus 10 includes, in the stub 18, lumped
constant elements 19-1 and 19-2 such as capacitor, coil, resis-
tance, and similar. For example, by adjusting the capacitance,
inductance, resistance, and similar of the lumped constant
elements 19-1 and 19-2, antenna coupling between the stub
18 and antenna elements 14-1 and 14-2, the loop length (or
electrical length) of the stub 18 and ground pattern 15, and
similar can be adjusted. Further, by adjusting the capacitance
and similar of the lumped constant elements 19-1 and 19-2,
manufacturing error in the antenna elements 14-1 and 14-2,
feed positions 16-1 and 16-2, stub 18, and similar can be
absorbed. FIG. 15A and FIG. 15B illustrate examples of two
lumped constant elements 19-1 and 19-2, but the number of
the lumped constant element may be one, three or more.
Further, similarly to the first embodiment, the meander units
18-1a and 18-2q of the stub 18 are provided in proximity to
the antenna elements 14-1 and 14-2.

FIG. 16 illustrates examples of simulation results of S,;
and S,,, in the case of performing simulation similar to the
first embodiment. However, the simulation is performed on
condition that the inductance of the lumped constant elements
19-1 and 19-2 is “7 nH”. In FIG. 16, broken line is a graph of
S,;, and solid line is a graph of S ;.
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As illustrated in FIG. 16, even when the lumped constant
elements 19-1 and 19-2 are provided in the stub 18, lower
value is obtained at frequency “1.7 GHz” in the antenna
apparatus 10 than at other frequencies. Additionally, simula-
tion result can be obtain that the values of the antenna effi-
ciency and correlation coefficient of the antenna apparatus 10
is “~1.2dB”and “0.07” at frequency “1.7 GHz”, respectively.
These values are low values compared with simulation result
in the case of without the stub 18 illustrated in FIG. 4 and FIG.
6, and improved result can be obtain.

Therefore, in the fourth embodiment, by including the
lumped constant elements 19-1 and 19-2 in the stub 18, the
prescribed characteristic can be obtained in the antenna appa-
ratus 17 when the frequency of the radio signal transmitted or
received is “1.7 GHz”, for example. Further, the antenna
apparatus 10 does not include the cutout, slit or similar of size
equal to or greater than the constant value indicated in Japa-
nese Laid-open No. 2007-13643 Patent Publication or Japa-
nese Laid-open No. 2007-243455 Patent Publication, there-
fore, the reduced space and smaller size can be achieved in the
antenna apparatus 10. And, the antenna apparatus 10 does not
include the matching circuit to perform matching of the
antenna elements 14-1 and 14-2, so that cost and similar can
also be reduced.

(Fifth Embodiment)

Next, a fifth embodiment is explained. In the first to fourth
embodiments, the examples are explained in which improved
resultis obtained at the frequency of “1.7 GHz”. For example,
by changing the shape of the stub 18, the improved result can
also be obtained at other frequencies. FIG. 17 illustrates an
enlarged view of the antenna apparatus 10, and FIG. 18A to
FIG. 21B illustrate examples of simulation result and similar.

Asillustrated in FIG. 17, height h1 in y-axis direction of the
meander units 18-1a and 18-2a of the stub 18 is shorter than
the height h in the first embodiment. Further, the distance d2
between the meander units 18-1a and 18-2a and the fixed
units 14-1a and 14-2a of the antenna elements 14-1 and 14-2
is longer than the case of the first embodiment. Further, the
distance h2 between the straight-line unit 185 of the stub 18
and the ground pattern 15 is also longer than the case of the
first embodiment. And, the fixed units 14-1a and 14-2a of the
antenna elements 14-1 and 14-2 are provided on the center
side of the substrate 12 at the distance d2 in x-axis direction.
The electrical length formed by the stub 18 and part of the
ground pattern 15 is substantially the same length as one
wavelength corresponding to the frequency “2.5 GHz”.

FIG. 18A and FIG. 18B illustrate simulation results in a
case that, similarly to the first embodiment, for example, the
AC voltage is applied to the first feed position 16-1, and the
frequency of the AC voltage is changed. Of these, FIG. 18A
illustrates an example of simulation result of S, of S param-
eter, and FI1G. 18B illustrates an example of simulation result
of'S,,, respectively. In the FIG. 18A and FIG. 18B, solid line
is a graph in the case that there is the stub 18, and broken line
is a graph in the case that there is without the stub 18.

Asillustrated in FIG. 18 A and FIG. 18B, values of both S|
and S,, of the antenna apparatus 10 with the stub 18 is lower
at “2.5 GHz” than the antenna apparatus 10 without the stub
18, and improved simulation result can be obtained.

FIG. 19A and FIG. 19B illustrate simulation results of
radiation pattern, and FIG. 20 illustrates simulation result of
the correlation coefficient.

Of these, FIG. 19A and FIG. 19B illustrate examples of
simulation results of the radiation pattern near the antenna
apparatus 10 when the AC voltage is applied from the first
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feed position 16-1. FIG. 19A illustrates the example with the
stub 18, and FIG. 19B illustrates the example without the stub
18.

As illustrated in FIG. 19A and FIG. 19B, the highest power
is distributed in the first quadrant of x-axis and the second
quadrant of y-axis in both cases. Comparing with the two
results, higher power is distributed in the direction (the W3
direction) of the second antenna element 14-2 not being fed in
the case of the antenna apparatus 10 without the stub 18,
rather than the antenna apparatus 10 with the stub 18. From
this, the coupling of the antenna elements 14-1 and 14-2 of the
antenna apparatus 10 with the stub 18 is lower than the
antenna apparatus 10 without the stub 18.

Further, FIG. 20 illustrates an example of the correlation
coefficient, solid line indicates with stub 18, and broken line
indicates without the stub 18, in F1G. 20. As illustrated in F1G.
20, regardless of whether the stub 18 is present or not, suffi-
cient low value of the correlation coefficient can be obtained
at“2.5 GHz”.

Additionally, the simulation results is obtained that value
of'the antenna efficiency of the antenna apparatus 10 with the
stub 18 is “~0.94 dB”, and the value of the antenna apparatus
without the stub 18 is “~1.707 dB”. With respect to antenna
efficiency, higher value can be obtained of the antenna appa-
ratus 10 with the stub 18 than the antenna apparatus 10 with-
out the stub 18, and improved result can be obtained.

FIG. 21A and FIG. 21B illustrate simulation examples of
current distribution when feeding is performed from the first
feed position 16-1, similarly to the first embodiment. FIG.
21A illustrate examples of the case that there is the stub 18,
and FIG. 21B illustrates example of the case that there is
without the stub 18.

As illustrated in FIG. 21A, large current equal to or greater
than constant value flows in the stub 18. Further, smaller
current flows in the second antenna element 14-2 with the
stub 18 (FIG. 21A) not being fed than without the stub 18
(FIG. 21B). Hence, similarly to the first embodiment, the
coupling between the antenna elements 14-1 and 14-2 of the
antenna apparatus 10 with the stub 18 as illustrated in FIG. 1
is lower than the antenna apparatus 10 without the stub 18.
Also, the power consumed in proximity to the second feed
position 16-2 is lower and the energy efficiency is higher of
the antenna apparatus 10 with the stub 18 than of the antenna
apparatus 10 without the stub 18.

From the above, by changing the shape of the stub 18 and
similar, with respect to the coupling, matching, and similar
characteristic, simulation results of constant characteristic
can be obtain when the input AC voltage frequency is “2.5
GHz”. Hence, characteristic with constant value or higher can
be obtained of the antenna apparatus 10 when the frequency
of radio signal transmitted or received is “2.5 GHz”, for
example.

Further, examples are explained of “1.7 GHz” in the first
embodiment and of “2.5 GHz” in the fifth embodiment, but,
by changing the shape of the stub 18 and changing position of
the fixed units 14-1a and 14-24 of the antenna elements 14-1
and 14-2 and similar, the constant characteristic can be
obtained in other frequencies as well, for example.

Also, similarly to the first example and similar, the antenna
apparatus 10 does not include the cutout, slit or similar of size
equal to or greater than the constant value indicated in Japa-
nese Laid-open No. 2007-13643 Patent Publication or Japa-
nese Laid-open No. 2007-243455 Patent Publication, so that
the reduced space and smaller size can be achieved. And, the
antenna apparatus 10 also may not includes the separate
matching circuit for the antenna elements 14-1 and 14-2, so
that the cost and similar can also be reduced.
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(Sixth Embodiment)

Next, a sixth embodiment is explained. The sixth embodi-
ment is a configuration example of the radio terminal appa-
ratus 100 including the antenna apparatus 10.

FIG. 22A and FIG. 22B illustrate perspective views of the
radio terminal apparatus 100. The radio terminal apparatus
100 includes a housing 102, and the antenna apparatus is
accommodate within the housing 102. Antenna units 24-1 and
24-2 (or, first antenna units 24-1 and 24-2) of the housing 102
accommodate the bent units 14-15 and 14-24 of the antenna
elements 14-1 and 14-2.

The antenna units 24-1 and 24-2 are rotatable in W3 and
W4 directions about y1-axis and y2-axis, respectively. As
illustrated in FIG. 22B, the antenna units 24-1 and 24-2 can be
accommodated within the width H1 of the radio terminal
apparatus 100 by rotating. For this reason, length h3 in y-axis
direction of the first antenna unit 24-1 is longer than length h4
in y-axis direction of the second antenna unit 24-1.

Additionally, it is sufficient that the antenna units 24-1 and
24-2 can be accommodated within the width H1, so that the
length h4 of the second antenna unit 24-1 may be longer than
the length h3 of the first antenna unit 24-1.

FIG. 23 A and FIG. 23B illustrate perspective views of the
antenna apparatus 10, and illustrate manner of rotation. The
bent units 14-15 and 14-25 of the antenna elements 14-1 and
14-2 canrotate in the W3 and W4 directions about y1-axis and
y2-axis respectively, with rotation of the antenna units 24-1
and 24-2. As illustrated in FIG. 23B, when the bent units
14-15 and 14-25 rotates, the bent units 14-15 and 14-25 can
accommodate within the width H of the antenna apparatus 10.
For this reason, length h5 in y-axis direction of the first fixed
unit 14-1qa is longer than length hé in y-axis direction of the
second fixed unit 14-24. Additionally, it is sufficient that the
bent units 14-15 and 14-25 can be accommodated within the
width H, so that the length h6 of the second fixed unit 14-2a
may be longer than the length h5 of the first fixed unit 14-1a.

(Other Embodiments)

In each of the above-described embodiments, the antenna
apparatus 10 is explained as including a single substrate 12.
The antenna apparatus 10 may include a plurality of sub-
strates 12. Of these, a certain substrate 12 includes the ground
pattern 15 and antenna elements 14-1 and 14-2 and similar, as
illustrated in FIG. 1 and similar, and the ground pattern 15
forms a ground to the elements on other substrates 12 and
similar.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention has been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

An antenna apparatus and radio terminal apparatus with
reduced space or reduced size can be provided. Further, an
antenna apparatus and radio terminal apparatus such that
predetermined characteristics are obtained can be provided.

What is claimed is:

1. An antenna apparatus, comprising:

a rectangular substrate including a first edge length which
extends between a first end and a second end of the
substrate, and a second edge length, which is orthogonal
to the first edge length;
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a ground pattern provided on an area except a portion of the

substrate;

first and second antenna elements which transmit and

receive radio signals, and are provided on the portion of

the substrate and apart from each other; and

a wiring pattern provided between the first and second

antenna elements on the portion of the substrate,

wherein

both ends of the wiring pattern are connected to a part of the

ground pattern so that aloop path is formed by the wiring

pattern and the part of the ground pattern, and

an electrical length of the loop path is one wavelength of

the radio signal, and

the loop path is a path from a contact point of the ground

pattern and wiring pattern to the contact point via the

wiring pattern and the ground pattern.

2. The antenna apparatus according to claim 1, wherein a
part of the wiring pattern is a meander line.

3. The antenna apparatus according to claim 1, wherein

the first and second antenna elements are provided on a first

face of the substrate, and

the ground pattern and the wiring pattern are provided on a

second face of the substrate.

4. The antenna apparatus according to claim 1, wherein the
wiring pattern includes a lumped constant element.

5. The antenna apparatus according to claim 2, wherein the
meander line comprises a plurality of long edge lines and
short edge lines connecting the long edge lines, and the long
edge lines have length set as being shorter in accordance with
distances from the first and second antenna elements.

6. The antenna apparatus according to claim 1, wherein

each of the first and second antenna elements includes a

first unit and a second unit which is bent from the first

unit into an L. shape,

the first unit is fixed on the portion of the substrate, and one

end of'the first unit is connected with a feed position, and

the second unit is rotatably connected to the other end of
the first unit, and wherein

the first and second antenna elements are accommodated

within the width of the second edge length.

7. The antenna apparatus according to claim 1, wherein the
wiring pattern is a conductive metal flat plate.

8. The antenna apparatus according to claim 1, wherein the
wiring pattern is a stub.

9. The antenna apparatus according to claim 1, wherein the
ground pattern is a conductive metal flat plate.

10. The antenna apparatus according to claim 1, wherein
the ground pattern includes aslit ata portion corresponding to
a space between the first unit of the antenna element and the
stab.

11. A radio terminal apparatus for transmitting or receiving
radio signal, the radio terminal apparatus comprising:

a housing; and

an antenna apparatus accommodated in the housing,

wherein

the antenna apparatus includes:

a rectangular substrate including a first length which
extends between a first end and a second end of the
substrate, and a second length, which is orthogonal to
the first length;

a ground pattern provided on an area except a portion of
the substrate;

first and second antenna elements which transmit and
receive radio signals, and are provided on the portion
of the substrate and apart from each other; and

a wiring pattern provided between the first and second
antenna elements on the portion of the substrate,
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both ends of the wiring pattern are connected to a part of the
ground pattern so that a loop path is formed by the wiring
pattern and the part of the ground pattern,

an electrical length of the loop path is one wavelength of
the radio signal, and 5

the loop path is a path from a contact point of the ground
pattern and wiring pattern to the contact point via the
wiring pattern and ground pattern.
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